Background: We conducted two phase II trials evaluating the combination of 5-fluorouracil/folinic acid, oxaliplatin and irinotecan (FOLFOXIRI) as first-line treatment in 74 metastatic colorectal cancer patients. Results were very promising with an overall response rate of 71% and 72%, a median PFS of 10.4 and 10.8 months and an overall survival of 26.5 and 28.4 months, respectively. A concern about the use of all three active agents up-front is the possibility that this might limit, after progression, disease control with second-line treatments. Therefore, we conducted the present analysis to evaluate the outcome of second-line treatments in these 74 patients. Results: A median of 4.1 months of second-line chemotherapy per patient were administered (range 1-8). Overall response rate (52 out of 54 evaluable patients) was 33% and stable disease were 19 (37%). Median duration of response was 8.1 months. At a median follow up of 15.1 months from the start of salvage chemotherapy median PFS and overall survival were respectively 6.7 and 15.2 months.
introduction
Colorectal cancer is the third most common cancer and the fourth most frequent cause of cancer deaths worldwide [1] . At the time of diagnosis, about a quarter of newly diagnosed patients will have metastatic disease and ultimately half of patients will develop metastatic disease [2] . The prognosis of metastatic colorectal cancer is poor and for more than four decades 5-fluorouracil (5FU) has represented the sole therapeutic choice available, achieving objective responses in 10-20% of patients and resulting in a median survival of about 10-12 months.
In recent years, the introduction in clinical practice of new active drugs such as irinotecan and oxaliplatin has deeply changed the therapeutic approach to metastatic colorectal cancer. In fact, several randomized trials demonstrated that a more active first-line combination chemotherapy is associated with a better outcome. In particular the combinations of 5FU and irinotecan [2] [3] [4] or 5FU with oxaliplatin [5, 6] are significantly more active and more efficacious than 5FU alone as first-line treatment of metastatic colorectal cancer patients and produced an overall survival of 16-19 months. Furthermore, the availability of active and not cross-resistant drugs has allowed a successful use of second-line chemotherapy after progression to first-line. Two studies demonstrated the role of an irinotecan-based second-line chemotherapy after the failure of a first-line 5FU-based regimen. In particular, irinotecan was superior in terms of survival and quality of life when compared to best supportive care alone or to an infusional 5FU-based treatment [7, 8] . The efficacy of a second-line therapy has afterwards been emphasized from a study by Rothenberg et al., where 436 patients pretreated with irinotecan and 5FU bolus (IFL) were randomized to receive as second-line treatment 5FU alone, oxaliplatin alone or oxaliplatin and infusional 5FU (FOLFOX). The results showed a statistically significant benefit for the combination both in terms of activity (responses: 0%, 1.3% and 9.9%, respectively) and of time to progression (2.7, 1.6 and 4.6 months respectively) [9] . More recently, Pitot et al. presented the data of a phase III trial in which 491 patients who progressed after a prior 5FU-based therapy were randomized to receive secondline chemotherapy with irinotecan versus the FOLFOX combination. Although no significant differences between the two arms were observed, the second-line treatments demonstrated notable efficacy with a median survival of 14.7 and 13.5 months, respectively [10] . Also the trial by Goldberg et al. , that demonstrated the superiority of the FOLFOX-4 regimen over the IFL regimen as first-line treatment, supports the importance of the second-line therapy. In fact, the statistically significant difference in survival achieved (19.5 months versus 15.0 months) could be partially explained by the higher percentage of patients (60%) who received irinotecan in second-line in the FOLFOX-4 arm, compared to the modest amount of patients (24%) who received oxaliplatin in the IFL arm [11] .
The French GERCOR group has evaluated in a phase III trial two different treatment strategies: first-line FOLFIRI followed by FOLFOX-6 after progression or the inverse sequence. Results did not demonstrate relevant differences between the two sequences. Of note, in both arms median survival exceeded 20 months, thus underlining one more time the value of the second-line therapy (performed in 82% of patients in one arm and 74% in the other) and the importance of the 'exposure' of patients to all the three most active agents even in different sequences [12] . Moreover, a recent pooled analysis of seven phase III trials in metastatic colorectal cancer demonstrates that survival is correlated with the rate of patients who received all the three active drugs in the course of their disease, but not with the rate of patients who received any second line therapy [13] .
We have attempted, in the last few years, to develop a new and potentially more active and efficacious chemotherapy regimen in the treatment of metastatic colorectal cancer combining 5FU/LV with both irinotecan and oxaliplatin. We conducted a phase I-II study with a biweekly combination of irinotecan, oxaliplatin and infusional 5FU modulated by LV (FOLFOXIRI) [14] and a successive phase II study with a simplified schedule of FOLFOXIRI [15] respectively in 42 and 32 metastatic colorectal cancer patients with initially unresectable metastases. These studies demonstrated that such combinations are feasible with manageable toxicities. Of interest, these regimens were associated with very promising results with an overall response rate of 71% and 72%, a median PFS of 10.4 months and 10.8 months and an overall survival of 26.5 months and 28.4 months, respectively.
A possible concern about the use of all three main active agents up-front is, however, the possibility that this might limit, after progression, disease control with second line treatments. Therefore, we conducted the present analysis evaluating the outcome of second-line treatments in patients included in these phase II studies treated with a combination of irinotecan, oxaliplatin and 5FU/LV in first-line.
patients and methods

patients' selection
Main eligibility criteria in both phase II studies considered in this retrospective analysis included: histologically confirmed diagnosis of colorectal adenocarcinoma, age 18-75 years, Eastern Cooperative Oncology Group (ECOG) performance status £ 2, measurable disease, adequate bone marrow, liver renal and cardiac functions and unresectable metastatic disease.
Exclusion criteria included: previous chemotherapy including irinotecan or oxaliplatin, symptomatic cardiac disease, myocardial infarction in the last 24 months, uncontrolled arrhythmia, active infections, inflammatory bowel disease, total colectomy. The studies were conducted in accordance with the Helsinki declaration and Good Clinical Practice guidelines. Written informed consent was required from all patients.
assessments
Pre-treatment evaluation before the start of second-line treatment, included history and physical examination, performance status assessment, complete blood cell with differential and platelet counts, complete blood profile, carcinoembryonic antigen (CEA), urine analysis, electrocardiogram, chest X-ray or computed tomography (CT) scan, abdominal CT scan and sonogram and any other appropriate diagnostic procedure to evaluate metastatic sites. During second-line treatment, a physical examination, a complete blood cell count, blood profile and urine analysis were performed every 2-3 weeks. Toxicities were scored according to the National Cancer Institute Common Toxicity Criteria, version 2. Sites of metastatic disease were evaluated at the onset of second-line chemotherapy and after every 8-9 weeks. For the evaluation of liver, lung or abdominal metastases an abdominal CT scan or MRI was required. Responses were evaluated according to WHO criteria and their duration was calculated from the day of treatment start.
survival analysis
Progression free survival was calculated as the period from the start of second-line chemotherapy to the first observation of disease progression or death from any cause. The overall survival time was calculated as the period from the start of second-line chemotherapy until death from any cause or until the date of the last follow up. Both progression free and overall survival times were estimated by the Kaplan-Meyer method. Treatment schedules are outlined in Figure 1 . Both regimens were repeated every 2 weeks. Treatments were administered biweekly until evidence of progression, unacceptable toxicity, patient refusal or for a maximum of 12 cycles. Second-line treatment was considered in all patients at the first evidence of progression. The second-line treatment regimen was not formally defined, original article Annals of Oncology but it was strongly suggested by the first-line treatment protocol and the choice followed pre-defined rules. In particular an irinotecan-based regimen was suggested in patients with persistent peripheral neurotoxicity, an oxaliplatin-based regimen was suggested in patients with impaired liver function and a re-treatment with a triple-drug combination (FOLFOXIRI) was suggested in patients achieving a 'brilliant response' to first-line treatment. Patients with a 'brilliant response' to first-line treatment were defined as the patients obtaining a complete response or a partial response and progressed more than 3 months after the end of first line chemotherapy.
results patients
Between May 1999 and October 2002, 74 patients were enrolled into these two studies (Table 1) . Among the 71 patients so far progressed 54 (76%) received second-line chemotherapy. Characteristics of these 54 patients are summarized in Table 2 . The median number of first-line FOLFOXIRI cycles was 12 (range 2-15) and the median duration of first-line treatment was 6.2 months (range 2.3-8.5 months). The median time elapsed from the last first-line FOLFOXIRI infusion and the first infusion of second-line treatment was 6.0 months (range 0.7-27.4 months). Seventeen patients (24%) did not receive second line treatments: 10 because of deterioration of performance status (PS), four because of patient refusal and three because of death.
second-line treatments and toxicity
Second-line regimens used in these 54 patients were: FOLFIRI (23 patients), FOLFOXIRI (17 patients), 5-FU protracted infusion (five patients), FOLFOX-4 (three patients), 5-FU + Mytomicin-C (two patients), irinotecan (two patients), irinotecan + oxaliplatin (one patient), raltitrexed (one patient). After a median follow-up of 15.1 months, median progression-free survival was 6.7 months and median overall survival was and 15.2 months and the curves, estimated by the Kaplan-Meier method from the first day of second-line treatment, are reported in Figure 2 .
In particular among the 17 patients who achieved an objective response to second-line treatment median progression-free survival was 8.1 months and median overall survival was and 21.2 months. Characteristics of these responding patients were: duration of first-line treatment 6.2 months, time interval of end of first-line and beginning of second-line treatment 8.8 months, second-line regimen FOLFOXIRI (nine patients) and FOLFIRI (eight patients), duration of second line treatment 4.5 months. According to second-line regimen used among the 17 patients retreated with FOLFOXIRI response rate was 47%, median progression-free survival was 8.3 months and median overall survival was 15.2 months; among the 26 patients treated with a 5FU-based doublet (FOLFIRI or FOLFOX) response rate was 27%, median progression-free survival was 6.3 months and median overall survival was 15.2 months; among the remaining 11 patients (treated with a monotherapy) response rate was 18%, median progression-free survival was 4.6 months and median overall survival was 14.8 months. Patients' Table 4 .
discussion
The availability of active drugs not cross resistant with 5FU has profoundly changed the treatment of metastatic colorectal cancer and significantly improved both activity and efficacy of chemotherapy. Several data have suggested that the best outcome is achieved in patients who are 'exposed' to all the three main active agents (5FU, irinotecan, oxaliplatin) during the course of disease [12, 13] , but that in a sequential strategy only 60 to 80% of patients are able to receive second-line treatments and therefore are exposed to all these three agents. These considerations supported our strategy to develop potentially more active first-line regimens combining 5FU with both irinotecan and oxaliplatin. We studied a three-drug combination including irinotecan, oxaliplatin and 5FU (FOLFOXIRI). In our initial phase I-II study [14] we demonstrated that biweekly irinotecan, oxaliplatin and infusional 5FU modulated by Leucovorin could be combined at significant doses of each single agent with acceptable toxicities. Of interest, this combination was associated with an high degree of antitumor activity with a response rate of 71.4% and a complete response-rate of 11.9%. Median progression-free and overall survivals (10.4 and 26.5 months, respectively) were also very promising. On the basis of these results we studied a simplified FOLFOXIRI regimen which could be more easily feasible also in clinical practice as well as in multicenter settings [15] . This simplified regimen produced a lower incidence of both hematological and non hematological toxicities. Of interest results in terms of antitumor activity (overall response rate of 72%) and in terms of efficacy (median progression-free survival of 10.8 months and a median survival of 28.4 months) were similar with those previously reported and still very promising. Moreover, a combined analysis of these two studies showed that in 19 patients (26%) with initially unresectable metastatic colorectal cancer not selected for a neo-adjuvant approach and also with extra-hepatic disease a secondary, potentially curative surgical resection of metastases could be performed. Median overall survival of the operated patients was 36.8 months and the 4-year survival rate is 37% [16] . These promising results seems to be confirmed by the preliminary findings of a phase III randomized study comparing simplified FOLFOXIRI to FOLFIRI, conducted by the GONO group [17] . In fact, the response rate is significantly higher in the FOLFOXIRI arm (66% versus 41%, P = 0.0002) and this higher activity of FOLFOXIRI produced an increased rate of secondary R0 surgical resection of metastases compared to FOLFIRI (15% versus 6% of patients, P = 0.033). At a median follow-up of 15.2 months median progression free survival and overall survival are significantly longer in the FOLFOXIRI arm (9.8 versus 6.9 months, HR: 0.63, P = 0.0006 and 22.6 versus 16.7 months, HR:0.70, P = 0.032 respectively).
Several studies demonstrated a positive impact of second-line chemotherapy in metastatic colorectal cancer and using all the three active agents in the first-line might compromise the activity of second-line chemotherapy. Results of the present analysis indicate that the FOLFOXIRI regimen in first-line does not seem to weaken the benefit of second-line treatments. In fact 76% of patients could receive a treatment after progression and this rate compares well with the percentage of patients treated with second-line chemotherapy in other studies; in particular in the study conducted by the GERCOR, in which a second-line chemotherapy was planned by the protocol, treatment after progression was performed in 77% of patients. Moreover, FOLFOXIRI does not worsen the toxicity of second-line chemotherapy; in fact we observed a very low occurrence of grade 3-4 adverse events. Finally results obtained in term of responses (33%), time to progression (6.7 months) and median overall survival (15.2 months) are consistent with those observed in patients treated with 'less aggressive' first line chemotherapy such as 5FU alone [10] or IFL [9] . The subgroup analysis we conducted was unplanned and its significance is limited by the small study population. However, same consideration can be made, taking into account also the fact that no patient was treated with a targeted agent. First of all, the retreatment with FOLFOXIRI seems to be the more active option also in second-line (response rate: 47%, progression free survival: 8.3 months), but, if FOLFOXIRI is not feasible, a 5FU-based doublet instead of a monotherapy should be considered. 
